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Abstract 
Effect of 0.05, 0.1, 0.5, 1 and 3 (wt. %) Ca addition and extrusion process on the microstructure and tensile properties of Mg-Mg2Si 
metal matrix composite has been studied by the use of optical microscopy (OM) and standard tensile testing. The average size of 
primary Mg2Si particles decreased from 34 µm to about 10 µm with the addition of 0.05 (wt.%)  Ca and extrusion process and also 
the size of eutectic Mg2Si decreased from 20 µm to about 2 µm. The morphology of Mg2Si particles altered from octahedron to 
fine polygonal and more round shape and  eutectic phases altered to well distuributed fragmented particles on the microstructure 
that was enhance the mechanical properties in comparison with as-cast specimens. Tensile test showed that UTS value increases 
with the addition of Ca. The maximum UTS value was achieved with 0.1 (wt.%) Ca addition.  
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
The attention to magnesium alloys and their composites in automotive and aerospace industries increases, because 
of reduction in weight and energy consumption, Luo (2004), Golmakaniyoon et al. (2011), Hou et al. (2011). But, 
because of difficulties during melting and casting and its reactivity with oxygen in atmosphere, their weak mechanical 
properties and corrosion properties, its usage has been restricted, Pekguleryuz and Avedesian (1992). Also, particulate 
metal matrix composites showed good inherent isotropic properties. In-situ particle composites showed better 
wettability with matrix, stability and distribution compared with ex-situ particle composites, Bahrami et al. (2012). 
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One of the most important elements in Mg alloys is Si, in which according to the Mg-Si binary phase diagram, at 
hypereutectic chemical composition after solidification, Mg2Si has been produced in Mg matrix, Lu et al. (2001), 
Mabuchi and Higashi (1996), Mabuchi et al. (1996). This intermetallic has proper properties such as high melting 
point, low density, low thermal expansion coefficient and high elastic modulus, Li et al. (1993), Lu et al. (1998), 
Zhang et al. (1999), Arunachaleswaran et al. (2007), Srinivasan et al. (2005), Ding et al. (2009). In Mg-Si binary phase 
diagram, Mg-3 (wt.%)Si alloy is a hypereutectic alloy, whereas the eutectic point is 1.34 wt.% Si .The solubility of Si 
in Mg at room temperature is very low (0.003 (wt.%) Si), so the achieved phases are (Mg+Mg2Si)E + (Mg2Si)P. The 
eutectic temperature is 640 °C and melting starts to solidify from 720 °C. By approaching to solidus line, the primary 
Mg2Si is formed firstly, then after crossing the eutectic line, (Mg+Mg2Si)E is formed. Thus, the microstructure consists 
of (Mg2Si)P  and (Mg2Si + Mg)E . So, with simple casting procedure of Mg-Si alloy, primary and eutectic Mg2Si phase 
is expected to have dendritic and plate-like morphology in Mg matrix that may debilitate the mechanical properties 
such as ductility and strength of the material. So, the microstructure of the in-situ composite must be modified to 
enhance its mechanical properties, Zhang et al. (2000), Jiang et al. (2005), Zhang et al. (2001), Kim et al. (1992). 
Several works have been carried out on modification of Mg-Si alloys, Kondoh et al. (2003), Lin et al. (2010), Lu et 
al. (2003). But, the simplest way to modify the microstructure is the use of chemical modifier, with normal casting 
procedure. In this case several works have been carried out in Mg-Si alloys. In this research, effects of hot extrusion 
on the microstructure and mechanical properties of modified Mg-Mg2Si with Ca additions have been investigated to 
realize the effect of extrusion in mechanical and microstructure properties Mg-Mg2Si metal matrix composite. 
2. Experimental 
2.1. Materials and processing 
Commercial pure Mg ingot (>99.9%) and Si (>99.8 %) were used to prepare Mg-10 wt.%Si master alloy. The 
melting process was carried in graphite crucible located in an induction furnace protected by (pure Ar) cover gas. Pure 
Mg was melted at 720 °C and then pure Si was added into the molten magnesium. Then, melt was hold for 10 min for 
complete dissolution of silicon. Mg-10 (wt.%) Ca master alloy was also prepared with pure Mg and Ca (>99.8 %) and 
with the same procedure. Then all master alloy ingots were broken for subsequent procedure. To prepare Mg-3 (wt.%) 
Si alloy with 0.05, 0.1, 0.5, 1 and 3 (wt.%) Ca. All broken master alloys were added to melt according to charge 
calculations. Then melt was kept at 750 °C for 5 min to complete dissolution. Melt was stirred by silica rod for about 
1 min then it was poured into a preheated cylindrical steel mold. 
2.1. Extrusion process 
Cast billets in each addition were machined to final dimensions, using lathe in order to fit in extrusion container. 
These small billets were heated to 350 °C and then extruded with ram speed of 1 mm/s and extrusion ratio of 1:12. 
The extrusion was performed on the 2MN maximum lead with extrusion machine diagrammed in Fig. 1. So all 
specimens were formed to rod shape( 10mm). Two specimens cut from the rods and changed to tensile test samples 
with milling machine according to ASTM E8-04 small size as shown in Fig. 2. For microstructural characterization, 
all specimens of were cut from the same position of each rod.Then, they were ground and polished through standard 
routines and etched with Nital (5% HNO3 and 95% alcohol solution) etchant. 










3. Results and discussion 
3.1. Microstructure 
Figure 3 depicts the optical micrographs of as-cast Mg-Mg2Si metal matrix composite with 0, 0.1 and 3 (wt. %) 
Ca additions. The average size of Mg2Si particles in Mg-Mg2Si without Ca addition is 50 μm.  Fig. 4 shows optical 
micrograph images of Mg-Mg2Si with and without Ca content after extrusion process, prepared from radial direction 
(RD). It can be seen that Ca additions and extrusion process fragment the primary Mg2Si and change them to more 
spherical and smaller particles and distribute them uniformly in the matrix by fragmentation. The variation of average 
size of primary Mg2Si with Ca content (wt.%) is shown in Fig. 5. As could be understood, the average size of Mg2Si 
particles in Mg-Mg2Si without Ca addition and with extrusion process is 33 μm. The size of primary Mg2Si phase 
was reduced with Ca addition and extrusion process to about 10 µm. So, these processes could create more fine 
particles which are expected to enhance mechanical properties of the composite.  Also, the size of eutectic Mg2Si 
decreased from 20 µm to about 2 µm with 0.1 (wt. %) Ca addition and extrusion process. the eutectic phase  were 
broken to small fragmented particles with size of 2 µm that shown in Fig. 6. The best condition of microstructural 
properties is achieved from the addition of 0.1 (wt. %) Ca and applying extrusion process. But addition of 3 (wt. %) 















Fig. 2. Schematic of tensile test standard (mm). 
Fig. 1. schematic of extrusion mashine. 
Fig. 3. Optimal micrographs of as-cast Mg-Mg2Si MMC with 0, 0.1 and 3 (Wt. %) Ca additions. 
(a) (b) (c) 








































Fig. 4. Optical microscopy images with Ca addition and extrusion process, (a) 0 (wt. %); (b) 0.05 (wt. %); (c) 0.1 (wt. %); (d) 
0.5 (wt. %); (e) 1 (wt.%); and (f) 3 (wt. % )  Ca addition. 
Fig. 5. Relationship between average size of primary Mg2Si and Ca content (wt. %) with extrusion process and Ca additions. 
















3.2. Mechanical properties 
Figure 7 depicts tensile test results of Mg-Mg2Si composite with extrusion process and Ca addition. Combining 
extrusion process and adding 0.1 (wt. %) Ca introduce maximum UTS and elongation values. Ca additions up to 3 
(wt.%) does not change UTS values seriously, but elongation percentage was reduced slightly. 
It is important to note that Mg-Mg2Si metal matrix composite normally show low strength and ductility. With hot 
extrusion mechanical working improves UTS values in compared with as-cast condition. From Fig. 4, it can be seen 
that the particle size is reduced in Ca added and extruded specimens. So, according to Griffith’s theory high fracture 
stress is achieved when extensive microstrucural refinement is accessable, Zhang et al. (2000).Extrusion process cause 
the breakage of Mg-Mg2Si eutectic phase and the introduction of well distuributed fragmented particles that can 























Figure. 7. Tensile test results after extrusion and Ca additions , (a) UTS, (b) Elongation. 
(a) (b) 
20 μm 
Fig. 6. Optical micrograph of Mg-Mg2Si with 0.1 (wt. %) Ca addition and extrusion process. 
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4. Conclusions 
The effect of Ca addition and extrusion process on Mg-Mg2Si MMC revealed that: 
With Ca additions could modify the Mg-Mg2Si MMC and change its morphology from dendritic to polyhedral 
shape  and also eutectic phase alters to finer rods.  
With extrusion process, primary Mg2Si becomes more spherical and smaller and the eutectic phase is broken to 
small fragmented particles. 
UTS and elongation values increase with Ca addition up to 0.1 wt.% Ca, i.e. the optimum condition of tensile 
properties.  
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